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Because of the present interest in pressure actuated mines in the
United 6dates and the United Kingdom, this report has been prepared in
detail and includes all of the experimental data and test methods avail-
able at the time the information was obtained. Except for general com-
ments on the methods employed at the Hamburgische Schiffbau Versuch-
sanstalt and the errors inherent in these methods, no attempt has been
made to analyse the data for purposes of utilization in an actual de-
velopment program.

The results of pressure filed measurements of devices for ship
protection are presented in detail. A series of wedges, keels and
an airfoil secured to the hull of a 1/30 sdale model of the cruiser
"Lutzow" were tested for effectiveness in breaking up the ship's pres-
sure field, This work was done at the Hamburgische Schiffbau Versuch-
sanstalt with a manometric system which is also described.

A subsidiary laboratory, the Forschungstelle hr Stabilitdt und
Schwingungen, was assigned the problem of originating and developing
sweeps for the mine, but succeeded only in developing an inductance
type micro-pressure gage before the war came to an end. This instru-
ment and the methods of sweeping proposed for test at this laboratory
are described.
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RE JERCH ,T THE HOURGISCHE $XHIFFDAU VERiWUCIhaANTALT
UL3TING t PRESURE ACTUATED MflES

Introduction

Gn 5 June 1944, a conference was held in Derlin to initiate amodel basin research program leading to the developmnt of suitable

contermasures for pressure actuated mines Present were reprcsenta-
tiros of the Oberko..=ando der Kricgsmarinel , by whom the meting was

called; the §perr Versuchs Kommando2; the Hamburgische Schiffbau Ver-
suchsanstalt3; and the Freussische-Versuchsanstalt fr Wasser-,Erd-,
und Schiffbau.

The reason for this meeting was revealed to an engineer of
H37A by a member of 3VK although it was not announced to the general
assembly. This reason was given as an inducement for HSVA, a non.-
governmental organization, to contract for the project, since that
plant was ,-ready overloaded with work for the Luftwaffe %hich evi-
dently had no effective coordination with the Kriegsmarine on the
assignment of projects to individual laboratories. This reason is
related exactly as told to the HSVA representative and no attempts
hav been made to check the details of the sequence of events for
intelligence purposes. In May 1944, mines requiring pressure signals
for actuation were dropped from aircraft off the coast of Holland.
A few Qf these mines, however, were blown inland and landed on the
beaches, 1hen these mines were recovered by German personnel, it
was found that the actuating mechanism had been removed, presumably
by members of the Dutch underground. As a result, it was feared
that the mechanism would fall into the hands of the Allied Powers
and subsequently be used in operations against the Germans. Up to
this tie .no serious atteupte-had been made by the German Navy to
develop countermeasures, although some full scale work on the pro-
blem had been initiated by the SVK

1. OKU - The German Naval High Command or Navy Department.

2. SVK - Organization for the full-scale development of mines
and countermeasures. The work of this group on pres-
sure actuated mines, as well as other types of German
mines, is reported in another report of the U.3.
Naval Technical Mission in Europe.

-3-



ONFDENTIAL

Introduction (Cont id)

3. HiV,, - The model basin in Hamburg. The material for this
report was obtained from the reports and persomel
of HSVA and FSS (Foot note 5).

4. P'V.IS- The mcdel basin in Berlin.

5. FSS - Laboratory lor studies of ship rolling- and stability.

6. Ing. Werner Hinterthan was the engineer in ch-arge of this
phase of the work at HSVA.

7. This work was to be carried out by Dr. IL:. Karl von
Steinen, director of the FjS.

c. Dr. von Steinen, however, did observe a full-scale test of
a hydrofoil installed on an !,!-boat for breaking up
its signature. The results of this installation are
covered by the minesweeping group of U.S. Naval Tech-
nical ission in Europe.

9. This model was the only suitable model available after the
H3V-, was partially burned out in July 1943*

As a consequence of this indication that the mechanism had been
covromis_(;, it was decided not only to extend the full-scale work of
UVK , but also to institute a research program at the Hamburgische
Schiffbau Versuchsanstalt and its subsidiary laboratory, the For-
schungstelle fAr Stabilitat und Schwingungen 5 . The work at HSVA
was concerned exclucbivel with the invostiation of methods for in-
dividual ship protectionb. This consisted of determining the
characteristics of vrious devices sccured to the ship's hull for
breaking up the ship s signature. The FSS was assigned the problem
of originating and testing sweeping methodsT. 'is fa as can be de-
termined, both 'o~ps worked independently, and neithor group was in-
formed of tne progress being made by the JViX r

The pressure m.surements for ship protection devices were made
at the HSVA with a mnometric system. The FSS concentrated on the
development of an inductance type micropressure jage and, consequently,
had made very littl progress on sweeping methods when the war ended.

-4-
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Introduction (Cont 'd)

Due to the urgency of the problem and the lack of personnel, no
theoretical work was done and no systematic tests were made to de-
ternizne the laws governing the variaoles.

The FSS had outlined an extended program of experimbntation on
suggested mtrhods of sweeping. Although no conclusive tests were
made, these suggestions are reviewed in this report. The pressure
measurenents made by the HSVA are fully described herei. Although
power requirements for the various ship protection schemes were also
determined, these records have been removed by a team from the Admira-
lty Experimental vorks, Haslar, U.K., and were not immediately avail-
able for this report.

The tests of ship protection devices were all conducted on a
1/30 scale modol of the cruiser 11TZOW119 . The specifications for
appendages suitable for ship protection calledifor a dc .ice which
would supply a positive pressure hump in the sigmzture of this ship.
The negative pressures on either side of this hump were not to ex-
ceed 7 second in -uration at specr above 20 knots. The miximum
depth of water in whih the positive hump was required was speci-
fied at 50 meters full scale. No limits were set on the ma'ximum
permissible power losses accompanying the resistance of these ap-
pendages.

For the sweeping devices, the FSS was given specifications
which called for the proA.'ction of a negative pressure field in
which could be inscribed a rectuangular signal having a negative
pressure change of 20 rnm of water and a time out period of 8 seconds.
No specifications werc given on the depth of water in which this
signal was to occur. However, the tests were to be made in water
depths corresponding to 10, 20 and 30 meters of water. No details~of the operation of the mine mechanism were furnished the personnel
of either the HSV or the 'F3S.

In order that the tests made at H7SV. be of use in the development
programs now uiderway in the United States, all data that are believed
to be applicable are presented. ilthough the H VA program was directed
exclusively toward ship protection, the data may be useful in the de-
termination of the practicability of sweeping a pressure actuated mine
by "tricking" with a positive pressure pulse. As a result, the tests
of the airfoil employed for breaking up the ship1d signture with a
r ciitive pressure hump are presented in complete detail while sufficient
data for analysis purposes are presented for other devices.

-5-
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PAR T I

METHUD6 ND INSTRUMENTATION FOR PRE i6UE FIELD 1EASURMENTS

The XMnomotric System at HSVAl 0

The pressure changes under the hull of a ship model were measured
by taking the difference between the static pressures at points under
the hull and the static pressure in the free stream. The test arr,nge-
ments for this system are shown on Figures 1 and 2. Figure 1 is an
early scheme for determing the keel signature only. Figure 2 shows a
later alteration for measuring athwartships fields, ,, long tube, 24m.
in diameter and 6.89 meters long, was suspended from the V-shaped (and
later, trapezoidal) frame with the centerline 95 cm. below the water
surface and 5cm. above the shallow water bottom. Piezometer holes,
2mm in diameter, were located at 12 positions along this tube, as shown
in Figure 1. Ait each station, 4'hols were symmetrically locatcd on
the circumference of the tube on radi which made angles of 30 degrees
with the horizontal. centerline of the tube cross-section. The 4 holes
at each station were then connected to a common manometer tube. Al-
though earlier tests were made with 4 holes on the horizontal and verti-
cal centerlines of the tube, it was found that the flow near the bottom
holes were -reatly affected by the unevennew of the shallow water bot-
tom which h-d buen badly warped due to bomb damage rand submergence
while not in use for long periods. The reference pressure was taken
from the static side of a "1Prandtl"f tube placed in the free stream
well away from the model.

The piezomter holes were connected to an inclined manometer by
means of small tubes threaded through the struts of the supporting
frame. Water was drawn up into the manometer to a predetermined level
with an evacuating pump, and then colored with potassium permanganatell
to provide good contrast when photographingthe nmnomoter board. An
example of photographs of the manometer board takdn during an actual
test is shown in Fi.ure 3. From enlarged photographs of this type,
readings were t2k:n to the neoarest 0.2mm. However, the actual accuracy
of the tests was taken to be about + 2mm since this value represents
the maxinmm surface level chang.es r-osulting from a seiche set in the
movement of a model.

10. The pressure gage under development at the FSS is described
in the Appendix

-6-
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OC'FIDENTE A

Th, 'Iano.-%tric _3yst, - at Hj5V-10 (ContIC)

11. -.lthou.,h the water colum in ea,-ch tube wa-,s continuous to the
./23in w%'t r, thu .'ilution of the potassium pc-rman. -anatc at the p. ozo-

mtrhols vc not sufficicnt to azffect thv- color intensity.

Fijtir. 2

The pio:zoi.,eter tube an, framc. instalo2, un 'er the, carria,.e A
H"jV- The tu'.- ij'i~iae to th,- lift of the, ce-nte rline for
athwartships prmssure fiold m-e.asurenmcnt6. iV-art of thu sh.allow vater
.-ottorn is shown )on,.;th the catrri: .
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The Manometric dystom at HSVA10 (Cont'd)

h4

Figure 3

Typical manometer board photographs ta -ken during an actual test.
The fourth tube from the right is the reference free steam pressure.

In order to avoi! the influence of seiches on the calibration of
the manometric system, the calibration tests were always made at the
start of a dayts testing bofore arq models were placed in the water,
The only availa le calibration of the system is given in Table I, and
the values are plotted on Figure 4.

-3-
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CONFIDENTIAL

TQLE I

Calibration of MLnometric Pressure Measuring System (mm of water)

V ater :

Depth : Speed Fiezometer Number See Fipure i)
(Meters): (Knots) : : 2: 3 : : 1 : 11 :- 12
5.06 : 20 : -7,8 :-06:-.4:-0,2:-l.l:-.l:-.i:-.i:0 :-9*8
5.06 : 30 : -6,4:-1.8:-3.7:-3.0:-2.l:-2,4:-1.5:-l.5:0 :-13.9
1.00 : 20 : -7.':-0.:-O.3:-.3:-0O3 .-. 2:-.5:-34:-0.8:-11.5
1.00 30 : -7.1: 0:-2#9:-2.7:-2.4:-!.6:-0.8:-3.5:-0.5:-21.6

Notes: 1. Spued is Lven for the full scale ship. l. other
values are for the model conlitions.

2. For convenience in the conversion of data for purposes
of analysis, the actua'l values , where available, as well
as the plotted curves, are given throug;hout this report.

These values were, of course, subtracted from tho readings
taken during an actual test to obtain the influence of the model
alone. All values subsequently jiven in this report have been cor-
rected for this calibration, but the corresponding full scale values
have not been doterminol-2 .

Procedure In Testini : a Model at HSVA
,,

The method of installing the model of the "LUTWOV" is shown on
Figures 1 and 5. For keel signatures, which c6nstitute the greater
number of tests ade, the piezometer tube was under the centerline
of the ship. A few tests were conducted to obtain athwartships
signatures with the arrangement shown in Figure 2. The model was
placed with the stem directly above ,iozometer nunter 2 and the stern
above number 12. For intermediate test spots, the model was dis-
placed fore or aft with respect to the piezometer tube.

12. Comments on the methods used at HSVA are given at the end
of Par, 2.

-9-

A



VI I '

CAL/S/r/RON O H AOERC

. .. A. . .. *, PRESSURE t-EASUR/NVCI S)"SEM -

2~~~. ... .... ..I *

w 14

;4 1.5 '4~ v -,4 -'
- **.. rr

..........................................

_Q _J 7i. r+146m0 n S,6' ATR E

":I T j T,

... .j .. .... ... . . ...

-~ ___ I' .I4Ni' 'E4Lih14



* ..

L t

iT * 2

4A
*1.............

20 I~s 0 Kr 30Irr ........ P....j5,06m,

1~- Li- 1

4 -

A~KT 3oKT 30/US7 .

r771
Th~ii _____-A

-i-O'E E -_____E



±r~~oc~;t..urc. inYtn Lt -1 H3VA (Cont'd)

Fi,:urt..

Th,- 1/30 3c. modoel of tho, "Lutzow" is shown inst .llcJl
within. thu- maimontric frame~ for c'~r~r~to kucj si, n .turcso

For all tu .sts, th- mrnoKi -v;% a ct thQ o--zir(' cor-
r ,3ponuin. spu-J. In th,.. first s;.,rijs, att--mpts vlr rtc to mpi..surc
th. pow'.r rcquir,-i-nts simult--nuously with thc. pr~. ssuro, chan'l mu:-
juxxrn.,mt:3. Howuvwr, it fs kun., th-t th~l- for,. ancl -.ft rnov mtnts of

th~mo~l u~tvoto h~town;crTria,_ !urin,, the ac.justli',nt of
Imrolu1r ru.-volutions.c'mU": £1uctu.,.tiofl in th.- 1ncsremasurc-
1ac.ntj h~a(in -to orrorse ,.j i ru;sult, tho7 :lctuaJ. tests of powc-r

nJof j1rmbsure c.2rri,: d out in(,c~ umnrntly. In ovt~ry Cc,,(, how-

m-10-
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Procedure In Tostin. a Model at HSVi (Cont id)

Fi ure6

Thu untrmnce of the narrow portion into the wide section of the
HO-,V.,,. basin in shown in the lowier ri,,ht hand( corner. Parts of the
shallow water bottom can also be seen.

-12-
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M.~NF'IDEN'TIAL

Froccuure In Tvstin., a~ kfoel at H83Vt. (Contl'2)

Fi .Ur~

ThQ lar,; c..rriaeo of J.VA is shown standin:- mvr the
narrow section of th,, bmsin. The oute r sct of rails condnuces
along the entire len-th of thcik basin.
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PART II

TERSr OF ,IPPENDAGES ON A 10 SCILE MODEL OF THE "LUTZOW"

FOR SHII FROTECTION AGAINST 1TE3SURE ACTUATED MINES

Preliminary Tests of the YodlAlone

3efore any tests wore made to determine .the influence of. devices
secured to the ship's hull, tests were made to "calibrate" the model
for keep signatures as a reference for the subsequent experimnts,
The dimensions of the model were as follows: Length (water line),
6.067 meters; 3eam, 0.689 meters; and Draft, 0,1923 meters. The re-
sults of these tests are shown in Table 2 and have been plotted ol)
Figrure 83.

TA3LE, 2

ool Signaturos of r !/30 Solo 11odol of the Lutzo, (mm of viater)
Speed : dater :
(knots) : depth : PiomWoeor Number

: (motors): 1: 2: 3: 4: : 7 : 8 : 10 : 11: 12
20 : 5.06 :- :44.0:-2.2:-4.4:,-4i8 :.4.9 :-4,3 :-1.5 : 0 s+0;5
30 : 5.06 :-l.5:+3.3:-2.9:-1.0O:-17.5:-18.b:-16.3:-0.9:+0.7:+2.5
20 : 1.00 :+9.0:44.4:-5.2:-8.3 :-9.9 :-10.4:-9.7 :-1.3 :+1.3:+5.2
30 : 1.00 :44.2:+ll '+l2.-) 6.4 :-32.O:-54.0:-68.6,-69.O-460-6.-43-.

Appurtenances Tested for Breaking Up the Ship's .gnature

Three typos of appendages were tested for effect on the ship's
signature. The first two types of devices, a series of wedges and a
series of plate irranements, were dependant on displacement effect to
produce a positive hump in the negative pressure signal. The third
method made use of an airfoil which produced a positive hump by trans-
fer of lift to the bottom of the channel, or to the point at which the
measurement was being made.

The several wedge arrangements are shown on Figure 9, wedge
numbers 3-6. A series of six sing,,le wedges fixed to the nodel above
piometer hole number 7 at construction frame 10 were first tested.



- ,-,

CONFIDENTIAL
Apprtenances Tested for Breakin a the Ships S3i naturo (Contld)

These wedges extended the entire width of the model, 38Om. The
length of each wedge was 18Om; A seventh wedge arrangement utilized
two wedges in tandem, FiLuare 9, number 13.

The keel arrangements, Figure 9, numbers 9-11, were a series of
plates perpendicular to the hull and with various openings between
them at the leading and trailing edge&. These plates had a heit of
52mm and a len4th of 1.0 meter. Another type of keel arrangement,
designate "plows", Fi&gre 9, numbers 3.4 and 15, utilized plates inclined
to the ship's hull.

The airfoil tested, Figure 10, was the G6ttingen profile no. 620.
The model was made of te6kwood with the following overall diLaensions:
span 1670mm: chord, 316.6mm. The airfoil was testqd in tmo positions:
at te aidships secti6n, frime "1O, and again piezometer no. 5# 1440zm
forward of frame 10 Tests were made with the airfoil at distances of
167, 250, and 333,m. bolQw the hull of the model. The foil was sup-
pofted by three stru.s, two forward and 'one aft, arranged to facilitate
changes of the anire'of attack. In ,eneral, tests were made at angles
of attack of 0-, 4-, and 6- degrees.

For the experiments with the wedge and plate. arrangements, only
centorline sinatures were obtained. Tests with the airfoil included
oneseries of athwartships pressure signatures,

Results of the Pressure Measurements

. ,ed arrangements

(a) Sin le wedge

The test arrangement and the reference to the pertinent
table of results and the corresponding plots of these data are sum-
marized in Table 3.

-15-
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flesulta of th. Frqz.surc Mjasur -nivnts(on'l

TAB3LE 3

Ket-i Ji irttur- of the "LUTM~lW" with Sifl:e ede Fixcd to the Hull

,', : ltitucl,, of -tho P osition of thb Refcrencu tablei Reference
No. trimnl(1c fc ridn - -Iltitude of the :of pressure :curves

the wed,. (nun) : we.d ;e values

3l : 2atI Fire 3-
4 : 12 : forward 5: Fig ure 12
5 : 24 aft 6: Figure 13 ir
6 : 24 : forward 7: Figure; 14

7 : 4~ foiviard 8:Fiure 15
96 ~~~ £orwlird 9:iue1

Model of the "Lutzow" with the airfoil testeI for breaking] up the
ship Is pressure fi'.Ald

-16-



-?D? ---- - -----

neeignaturesf0$ . with 0W-dg* nuer 4 (mm. of water) ....

20 5.06 .71 2 .90 .4.' -349'-4,4 -4.1 -1.9 0 *1,4
30 506. .4 1.3 A, ' 4 1. [ -!4- 15  -10.4 +0.8 +2.1
20 1.0 +9.0 54 4.9 . O.3 118 .9.6 -2.7 +2.2 +5.77
30 10 +,5 11 12.6 139 33 67. -69.060.5 -47.9 .5

TABLE 5

* 0.5.06m.O.4 t 44 ° F69I . .o* -.- .0 -+ -4+.

Keel Signature of tne LUTZOI' with Wedge N~um ber 5 (mm. of water)

Speed Water dept Pezometer Number

(knot) -(meters) 7- 8 0 1- -2

20 5.06 .1j - .eg -4.0 -3.61 5 .. 5 - 0.3 .. 1

___ 72 4. -. 60 +

30 5.06 .4 -,.4 -1. -7.916.2-.-20.05-21.0 -1.5 +2.5 4
20 1.0 7.8 '-4.6.0 -9.10.3-11.5 -9.8 -2.6 +0.7 +5.2
30 41.0 1.0 . f15.4.0 - 5.C3. 0.0. -64.555.04 9.0

Kee 8pe~u~ o o te OtL ZOWOwit Wedge I4uvnber 5 m. of Wate)~.. .... ... te6.. . . . T I 7-, . .

0 5.6 +93 46 -. -4.1 -4.43 -11 .0*.9 +1

; 30 5 06 -2.5 +3.3 +0.2 6.0 14. 217. 06-1.5 I +o7,

20 | .0 10.4 44., +5.4 9.0 1. 11.9 -10.8 -1.5 12.4 +.5.6

30 1.0 -1.0 Mic __14 13.938. 6.4 44.5-5405 -249.5
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I-M

'Volk,) a, f i

20 -.6 .. .~ -. 42-. -. 66 06 1.4 5.

20 5.6 1. 4 . 4741 30 30. 2 -4.0

Keel Sigaue of the "ZOW tee NulamPae
~~I ~ d bprin qorezo ete Numbcera ?noo

(mNot) (mo 4mm ofpes
20 506 +.3 180 .2-.0 -. 12. Figre +1.5+.

30 60 120 13 Iiur 19
11 72N 5 6 4Fg 205

100_+6.2_2 6 -5-N 72 1.51 9. Figu3e. -215+..

Keel Signatures of the "LTO*with Doulte Se No. 9 (m. fm water)

S peed Water
, (knots) depth Piezometer Humber

20~ 5.06 .1 +4. -2.1 -4.7 -4.5 -4. -. 2 4.4 02. +.0
30 5.06 +1.2 -4.2 - -2. '6. - .=17. -8 -. 6 .1
20 10. +6 . 4 . 11. -1. 1. -2 -. 2. 0.
30 j. -20 +64 3. -+5718.5-6. -3. .5 -3.07.

Kee Sgntuesofth "UTOW" t PrpndouarPlte



,, TABLE 13

Keel Si,-r.i ture-3 of the "LUrZOW" with Plate Set No. 10 (mr. of water)

Speed izter I
(Urots) dot-1i Piezometer Number

(?etera - 3 0 6 8 - 10-1 1
,- r.0( 19.2 .4 -2.2 -4.6 -4.5 4.8 -4.2 -1.4 0 +0.6
7, S.16 -5.6 +4.8 +1.5 -7.7 -13.5 -16.6 -17.6 -5.0 +1.4 +2.4
10 i.C -14.5 11- -7.7 -10.9 -12.6 -12.9 -10.8 -5. -0.4 +4.0

.0 . +10.0 414.0-1.2 -17.5 -31.6 -41.0, 29. -26.3 -19.0

F TABLE 14
Keel Signatures of the "t(ITZOW" with Plte Set No. 11 (mm. of Water)
Speed Water I
(v- otq) depti } Piezometer Numb'P-

(Tetero)l 1 2 3 4 6 7 8 10 11 12
.0 5.06 19.2 +4.1 -2.2 -4.6 -4.5 -49 4.2 1.4 0 +0.6
50 5.06 -5.6 +4.8 +.9 -3.7 -1-.5 -16.-17.5.0 1+1.4 +2.4
do 1.0 +4.51+'5.2 -7.7 -10.9 +12.6 -. 9t -10. -5.0 I-0.4 +4.0
30 1.0 +5.9410.0,+14.0 +1.2 -17.5-,I16 -41.129.0,-26.31-19.0

TABLF 15
Keel Signf.tures of tne "LOTZOw. with Plute Set No. 12 (mm. of WEter
Speed 1; tor .
(cn ots dent.4 Piezometer Numter

-1 3(~~ 1 4 6 7 10 11 1
20 .o 6 +97 4.Z1 -?.8 -5.7 -5.0 -5.8 -(.3 -,.3 -0.C 0
30 5.06 .6 +4.4 +0.6 -5.0 -17 0 -17.8 -17.3 -1.6 +1.! ,' 42.0
20 1.0 4.5 +.. -7.71 -10.9 -2:.6 -1L.9 -10.8 -5.0 -0.4 +4.00.0 2.0 9 +1 -2.5 - 9.0 -39.0 -r .6KF -37.51-4.0 -,7.5



CONFIDT&iTL

Results of the Pressure Measurements (Cont'd)

The only wedge that showed a significant influence on the signa-
ture was number 9. However, the power requirements bocame so high that
tests at 30 knots in the shallow depth were not considered practicable.
It can easily be seen that the power requiroments would be excessive
due to the increase in resistance in shallow water in comabination with
the resistance of flat plate area of the wedge perpendicular to the

~stream.

* (b) Z opedeArrangemnt

Two wedges with a height of 48 mm, Were nstalled on the
model with the altitude of the triangles forward. These wedges were
Placed 1.0 motor forward and aft of the midships section, frrme 10,
making a total spacing of 2.0 meters, The forward wedge was 330mm
in beam and 180m long, while the after one was 305mm in beam and
160rm long, The results of the tests with this arrangement are sum-
marized in Table 10 and plotted on.*Figure 17.

2. Keel or Pate Arrangements

(a) Plates Perpendicular to the Shipts Hull

The test arrangements and the references to pbrtinent table of re-
sults and the corresponding plots of thuse data are summarized in
Table liand Figure 9.

(b) Inol-ned Plato or "Plow" Arran;:ements

The arrangements described in the foregoing were thought to deflect
the flow to the sides with a resultant loss in efficiency. In order to
obtain a component of flow toward the bottom of the channelj th, inter-
secting plates shown on Figure 9, numbers 15 and 16, were tested, The
arrangements wore 52mm high with an opening of 380m. The plates were
inclined at angles of 30 degrees and intersected at 90 degrees.

The results of these tests are summarized in Tables 16 and 17
and the data plotted on Figures 22 and 23.

-17-
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Si16

101S o the- "WTWE' pit "21241No 14 (Dina pf vr-tor)
Sped t Wator t

- (kota) i Dopth .: , Nunbor
:(moteria: 24: 4 6 1 -7 .- 8 1 10 : :

.2.10 1 5.06 :+9.2.44.1:*2.2 t-4.6 t-4.5 t-4.8 : -4*2 1"404 1 0 :+0.6
30 : 5.06 t+1.22+5.2:+2.3 t-10.0t-43.4t-13.2,44O t41.0t40.9 :+2.5
20 : 1,0 :+6,5+5.3:-4. "-ll.5:-12oz:-12o3:-fl.! 2-2.5 - a+5.5

i -~'o3 ; 1.0 *+:3.0t+7.0i 12.'5+1.0 *-10.8:-2.5..40.5 I-42.5t.39.0:-31.

K eel :WLO wit NA h"Plo1' No. 15 (Mu. of uitor)
Spood Va~tr :
(knots) : Dopth : .Piozctor Nuntor ___

,motors_ 1 f : : 4 8 10: 3it 12
20 5.0 :+8.7:+7. 5-4.o :-6.01-5.7 :.-5.6 j- 5 .. 0.5 a-O.3 : 0
30 5.06 :+4.0.'6.8 t+3.6 :-l.9:-14.3:-18.2:-16.2"-.. : 2.6 :.5.0
2D LO :+7.8:+3.8 :-.6.8 ;-9.2;.:.8:-l.5;.. :-2.0 :.0.6 ,4.6
_.39_ :1.0 . 517 :+1O.Q. +15.5.'-4.5.20.-4 t-6..05--80-O

Fbr the purposes of comparison, the; results for all appendages
tested have been plotted from additional data on Figures 24 through
29. Figures 24 through 27 show the results at constant speeds and
depths for all the devices. None of the devices tested showed the
Sresired result of a positive pressure hump in the negative part of
the signatures. On Figures 28 and 29 are plotted additional data
for wedges no* 4 and 7 respoctively. These two latter series of .
tests were evidently the only attempt at .a. systematic examination
of the effect of speed on the si-n,.ture.

3. Tests of the Lifting Airfoil

(a) Keel Si iatures for Airfoil Under Midships Section

The results of the keel signature measurements with the airfoil
at the midships section are given in Table 18. The trip of the model
during a run, as well 'as the initial trim, is also tabulated where
these data were available. The changes in draft measured at the mid-
ships section aro also 4ven,

7--1



TABLE /8
_KFL 516NATU RI5 OF NE LU1TZOW WITH AINFOIL UNDER THI

MOD WATEr TANCFff AN#. Of TI N
A/vVle 5EMW1 ATTACI(

AW#& SPeED j'PT mNUL MAIN MA O AIR , 7NIJ'/d Y I#IRAft
_NOM AMIrD mm AffRlS 1 6US N6VIS m /

•_ /A7 5.06 /67 0 0 +/a' ta. +2.21

2 2.-0 0 0 3't52 * 4.0
1.487 I _ 4L 0 t 3' 3,6 +1,91

* 2.50 t__ 4 0 +41 56 +0.2i

5 k.88 250 + -o, f' _ , 0.6 +2a.2
6 .,50 4 -/4 f 46 0

7 1.86 6 + 8' -/7 f*2.4 t&2

8 2.49 , -, +/9' -/7 * 7.0 t3.0

9 1.92 333 0 - + 5S -22 +2.7 ;2.1

/0 2.46 __ 0 +, f9 0 #2.0

" /.88 - .* "4 -2 +1.*-

/1 2.50 4 +I 12' - t+ *h0 -4.3

/3 4.83 6 -I *6' -/ -3.0 -0.5

/46 2.45 6 -/ 13' -20 f*6.0 itl.o
I5 187' . I 0 0 +48 ' /67..+49
16 2.50 -I 2.7' -1_7 -5.8 9..0

/7 1.87 . 4 0 7' .0.2 .50

A/ 250 . 4 0 *45' A /.7 f9.3

/9 .90 250 4 - /3' -/3 -4.1 +2.2

20 2.5/ __ -I i$'3 - + 412.1 -#2_j
21/ 1*1_ 6 -/ *1 -- /7 -4.0 +2.8

22 2.54 6 /Iv9, -22 1+/2.2 +7.8

23 It9 333 0 +.6
*4 2.52 0- -/ 35' -5 /a12.3 5.8a

25 k.eg__ 4 A/10 -f 6.8
26 2.51 4- *so, -2 -12.6 -t76

27 4" __ 6 - 1' -12 -6.2 2.A

29 2.49 ____ 6 -1 *9 -g *87 +4.6

MA



TABLE/8
W W1TH AIRFOIL UNER THF .AISHIPS SECTION

TRIM PRriSURC'5 CNANSE mm Of AT£' R£F£R£NH.R
WN r WJ*/t AIfAZ01ErR hY9 C1IR-t's

N6VIS Min 2 4 5 6 '7 a /0 1/ /Z
is,| f .0-1 +2.2 -2.3 -3.6 -3,2 -4.0 -70 -I14 A *L -3.7 F5 URE 30

S5' f 12 f4.0 +1.8 -4.0 -7.5 -98 -. 6 0 i4,2 -4.8 F16URE 31

t 3' t3.6 *1.9 -1.5 -2.7 -36 -3.7 -73 -7.3 +1.7 -1.3 F/6U/fE 30

+ 4e •56 10.2 +0.8 -5.5 -7.9 -8.4 -16.3 -23 1.1 -2.8 FIURE 31

+' - 06 1+2.2 2.0 +d6 -08 +0.41 *4.7 *10 +1.7 -6.0 f/S1- 30

+i' -14, *46 0 -32 5-.2 -16.3 -3.01 -19.6 -0.2 +4.6 +/.4 ,-lGufE 31

+8' -/7 +2,4 t&2 +3.1 +0.6 -0.8 0 +.3.0 +1.0 +1.2 *1.5 f6/RE 30

+1,t -/7 f7.0 t3.0 ,3.8 f.0 -16.0 0.9 -/S.+ t.8 f6.8 f1.4 FGURE 32

+ 5' -22 + 2.7 #2.1 0 -2.1 -3.3 -3.3- -2.6 -0.9 +0.4 .6 F16/RE 30

S9' + 7.0" *.0 -9.8 -4.6 -//.6 -9.61-7.6 -2.6 +.+ 2 1.45 P'iuf 31

+ -/.2 +/.8 .4 -0.2 -1.6 -0.8 ]7.0 ,* #.8 -5.6 1/RE 30

+12' -il +4.0 -/.3 -3.8 +2.8 +12.8 -0.3 -/9.4 -/.4 -t3.+ *0.2 f/GURE 31

- 6' --/ -3.0 -0.5 -0.6 -147 -3.4 -2.6 *2.0 -3.2 -/.4, -2.2 A/I/UIAE30

_ /3' -20 f-6.0 f/.0 t 3.4 -3.0 -/.0 4, -/0.46 0 +. +t.4 F11R .32
+18' -0.8 +4.9 -381-6.2 -7.6 -6.1 -//*0 0 -2.5 +3.4 f/GUE 33

+ _2__
' -5.8 +9.0 -6.0 "16.6 -31.0 -42/ -60.0 -26.7 -/3.3 -3.4 FIGURC 34.

S7' T-o.Z +SO -2.8 -- 6.3- -. 9 -2.8 -//.4 -%/ -3.0 +2.6 rl/6&R .33

*4.5' *//.7 +9.3 -0.8 -/4.8 -68.0 -4/.7 -58.7 -A.7 -/8.7 -4.7 fIURE 35

4/' -/3 - . 2 +2.2 -/.8 -3.3 -/3.2 -2.8 -/0.9 -5.7 -6.1 /.9 F/UVRE 33

_ o t3 - +12.1" +72 f4.8- -9.9 -674. -a6 -59.1 -3f.9 -/75 0 ,01SU,-e 35

+ 0' -/7 -4.0 +2.8 -0.5 -o. 1./.a ., -7.4 -3.-8 -44 ,5.0 ,-' e 33

S19 -22 +2.2- -7-8 -6.3 ,0.4 -62. -/0./ -o50.6 -32.1 -/6.2 -0.9 P/U5tE 36

#10' __ -1. T5. 0 -2.4 -4.0 -4.8 -72 0 0 -2.8 FIGUIRE 33

*35, -5 +12.3- 5.8 -/.8 -//1S -50.0 --33.4, -43.8 -29L0 -/a./ +4./ 1/6//Re 34+

_ *0'___--A/ #6.8 --3.9 1-44 -13.1 -2.5 -1. 58-.*1.8 FIGURE 3.3
*50' -2 P- f/2. 6 #t7.6 --6.0 1-4.3- -53.6 -/8.s -43.8- -29.3 -/#/1 tba8 /l6ll/RE 35

tP -/2 -6.2 -t2.6 -3.21-5.8- -/1.0 -t 2.6 -84- -3.0 -+.0 f 2.6 .176W4 3 3
*440 -9 +8.7 f 4. 6 +2.1 1-5.2 -50.*3 -12.2 -+A/1 -23.8 -11.2 f 0.8 NOWfhl 3 6

- °  " - '  - - -"- "' -° "

# ' -. /z 7. l o]+.4- .; q - a -g - . ,7. ;r ,



ODNFIDE1TIAL

3. Tests of the IUftin Airfoil (Cont d)

Perhaps the most significant result shown by these data is that
the ship model actually increased in draft for the majority of the
cases despite the lift developed by the airfoil. The actual values
of change in draft should be examined with caution, however, since
the vlues show comparable changes for deep and shallow water, and
this result is believed to be inconsistent. This conclusion waq cons-
curred in by the test engineer who admitted that the model, on visual
observation, showed a greater change in draft in the shallow wter
tests than in deep water, and, as a result, expressed doubt in hie
own data.

An initial trim by the bow was used in most cases* This was
found to be necessary since the combination of increase in draft
and trim by the stern dirinC a run caused the model to take water
over the stern.

(b) Keel Jnature f or irfoil l44Ou Forward of Midships

b At __ -in u for

The results of the keel signature measurements with the airfoil
pobitioned lh4Omm ahead of the midships section are summarLed in Table 19.

A comparison of the data of Table 18 with the results shown in
-Table 19 indicate that the after position of the airfoil is the more
satisfactory. ':ith the airfoil at the midships section, a more satis-
factory si6nature was obtained with a smaller influence on the trim
and change in draft.

(c) Athwartshis Sinature of the Model With Airfoil

Midships Section

One series oi tests was 1ade to obtain an estimate of the exten of
the pressure field. The model was displaced laterally with respect to
the piezometer tube with a distance of ll7Omm, between the qewterline of
the model and piezometer tube. This placed the piepometer t4be 325*
beyond the tip of the airfoil, Tests were nvde for the model without
the airfoil and with the combinations for which e angle a 9 attaok
or the 41rfoil were 4- and 6- degrees, These mesultq are Waried
in Table 20,

A comparison of the centerline and athwarships signature of the
model in a constant cepth of water with different angles of'qttack
and speed is shown in Fi(;ur3 49.

-19-
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Comments and Conclusions

There are two sources of error in the measurements derived at HSV
which are perhaps more significant than the usual errors resulting from
reading small difference on manometers such as averaging oscillating
water columns and displacemqnt of the mudel with respect to the piezo-
meter openings. These errors are:

(a) The "interference" between the supporting frame for
the piezometer tube and the model.

(b) the influence of the channel cross-section on the
, pressure field of the model itself.

Although the piezometer tubes were 4l calibrated in place before
a model was tested, the resulting flow when in ombination with a model
maybe sufficiently altered so that the difference between the total
pressures and the calibration pressures may not represent the true
pressure field of the model alone. In most cases, the influence of the
frame will cause sli.,htly lower pressures, due to the construction ofthe flow cross-section, than would be obtained if there were no members
in the vicinfty of tho model. This error is probably small compared
with the errors introduced by the influence of the basin -cross-section,
however.

The cross-section of the HSVA tank, compared with the cross-section
of thei nodel tested, Figure 1, is such that the tests in shallow-water
were actually conducted in a "restricted" channel. The rostricti6n of
the section, in which the flow about the model occurs, results in re-
latively hi her velocities at the model than would exist if the model
were towed in a channel of very much larger cross-section. As a result,
the velocities for the model are greater than the corresponding velocities
for the full-scale ship in un-restricted waters with correspondingly
higher pressure charges13 for the model than for the prototype.

The rejaults obtained in the deep portion of the basin during a
single run do not represent the actual values that would result in
the vicinity of a wall (or bottom). A consideration of the velocities
near a wall, based on the method of images, shows that the velocities
at a wall in a given position are considerably higher ,than they would
be at the same point with the wall displaced from this point. As a

- result,, it is assumed that the deep water tests wore intended mainly

-20-



TIALE /9
KEEL JI6NRTURE Of THE LUTZOW WITH AIRFOIL //404

DISTANCE W AN6LE Or C1N61
RUN MODEL WATER fIF5IL 0EL ATTACK Of TRIM IN
Ns APEED DEPTH ULL OlTM #IRFVOIL DESREES DRAFT

KNOTS PETER m m DE6RUS cTIR UERW Y mjm I 2
29 i.8? 5.0o 167 0 00 + 29' -2 -. + /.d[
JO 2.49 0 4+ 38, +2 + O. + .2.I
31/ /J87 * 48, -7 +AS.+ 1.6
32 2.48 + to14' - + +73 + 2.2i
3* 2.46 6t+ 1.' -/ 6 .p- o3.!

.15 250 0 -2 -' /8
3o 2.U - 306 7 2.S -3.61

37 .Of 4 -- t4 6 1.2+ t
if 2.49 * +/, -* -'1.,
39 1.90 :. +*39' -8 -.?+ I.4
40 2.53 6 -/o -/a + ./ /.8 3.f 3 -, 2' + / - 1 .9'7
42 2.50 1_ + q 0~ j -.2 AtJ f 41
43 roe8 S._ + 55' -/I . V.W,
44 2.49 __ +1032 # -/* -t/12 t 6f
*5 1.19 6 +/05' -/A -2. 5 1.

of 2.5* 16 ,7' +100 -2s d4 + 6.1
L 1 /9 too 167 0 + 3120- 31 .,

45 2.0 o 0 + 5*' * -16.. -/,o7
*9 1.88 +___ S 54 6 -0.6 .05 ,
50 2.50 + 4 +/°3' --2 *.9 ..2

S2 2.46 ___--+4'- 6it~
53 /.86 250 a 4 ' ' +- 2/.I /4.0
A4 24fo 0 + *,o' -./ '/.1 ,+//8

___ 1.59 + V 2 -8$
56 2.5/1_ __ + 128' +1 B /~ ,M

.... 17.~~ 1.8 8___ 6+'' -/2 If~3.
58 2.5+v____ 6 4 2/14' -a8 IM 14 0

S9- /-87 __ 3 0 + 32' 0 -. 4.0 ,
6# 2.52 0//'+9 A/. *4

162 2.5/1- +2*S' -7 ti'/1 A4./J
is /.**) L___6 + /022 -15~ -1/. 3 ,lI.

6+ 2.50 +____ +242 -20 14S~ -i



, fIRFOIL 1140mm FORW9RD Of MIPSHIPS JECT/ON
N6 PRES5.RE C#RN6ES (mm Of WTER)R

rf-- r PIEZOMETER N- CURVES

-2 1- 0o5 +/.d - 0 - 4. - ii -A - 9. + 0. + 1. 1 ijf/.6gA'af7
2 1+As .1 _. - 2.8 - 7.2 - /.41.6 _ -/.4 -I/.0 - 2.4 Fr0,9f M

- 7 1+ .5 +1.61 - 4. - 2.8 - 2.8 - Z/ -1.6_ -1.5 t -. i.+ /;',1 1 Ji
P + 731+ 2.2 +.9 -.,1-.4 -/6.4 - 4.9 -.3.1 - 9. 3 +. ?/, If jf

n I-3.#] 0.#- 0.9,- 1.2! - S£/ - 3.7 - I 2 + 1., / tFl##Rf 0

[-/6 1+785+3.1 f.3 -Z7 - 0.2 -16'.622__ -2.2 - 72- 7.6p R4W~f I
41 - 4 -- - 6.0 -. 7. 4.0 .fdR£

- 1 +2.f -3.6 .1-.4 - .5 -I. -12.3 - _. -2.3 -2.4 - 2.5 f368/R 5

-6 1- 1.2+ 1.31 - 41.,- . .7 - 3.0 -. .- A + o.3 -0.3 ,7 AUr
-8 -/0.7 + 4.61 _ .9 - /./ -Z.? -/3.0 -4.; 2.0 -6.4 - 3.3 /, A
-8 1. -z/. f +1 _1 _f._.0 + 0.3 - .2 - I ./ it o., 2.0 f£Lu16 .
-I 7.2hf7 _ _ f9.9 0.4 0.2 -/.-I. 3.6 - 2.0 -7.0 - 7.L F_ I?

a f- 1.9 .7 3.; - 22.8 -. 23. _ t i - 2.4 f
- 2  J t 41 _.__ *.3 -3.3 - 0-/. -Z~ -50 -__ .-0,6!f.k FL g/
-/_ -._. *1.6 *0.4 -6, -5. -4.9 - . 0. - 2., '
_-/f a 0 __Os66._ - jc___, 1

" 1+/0P2 6.4 , .; 5./ -o. -/3., -3.2 -1.8 -4.,-2.5 L2 38L
"1, 2.5. -441 3.2*/. -U-5.2 -6.3 _ -4.,-., O/" /SI,"
-26 t f ,6 ., 9.5 -6 -/6.6 -6.0 - 2.. -6.1 -6..t /A1U1
,___ 1~ 3/.9 I~ 4.5 - 2.91.6 / -16:6 -11.3 -10.9 ___- 4.2 -2., - 2.7 ,&'AA,
+/4 14,'.7 -/, -0.9 -28.2 -26.1 -52. -*., -2,1. ,/3 -2.9 ,,
6 0.61 54 _ t - .4 -12.6 -5.3 - V -lef0 10 p4.. .Ol6a, 4

-12 #13.9 t J9.2 t 7/ -S -. 33.18, - 4 -42.-6 - 2.8 -24. -o12.9 ,i/A, 4
- -6 -40.0 t__ .5 -A-/ 4/37 -6.2 -f.? -3.7 -1.1 -. /,

- 6-0 16.1 t1,, *10 -/2.4 -26.4 -52.-420- -/92 /.0 1.4

1.- t , 4.0 1 2 .4 - P.? - 4. -/.2 f-6 -4,0 - 1.6 - ,.9 ,
+18 t 15-- .t- '/ a , 4 2 .47 -304 _. -/4.4 -10.8 -3.4 #1,,,(",
[- 4.4 . 4.4 7f.. S.. -1 .7 -/O0/ -/#Is -2.8 trI1 Ad opi "

81 -,. 1. 1,3ti-9 f42.0 - -17./0 -.

-/2 S-3f 1310 42.0 - Af -/95 -/ -1/2.2z.A 4 0j~gj
--0 -#/911.8 t14. /-, -4 91~ -55 -26? - . 9 1k . fm' 6(h4
L0 -3.2 *4.0 0 - -//. -6 -4 -0 / . 0 A 1.2[ //p

L+9f/.? +t4 -3.37 *15 V2 * -/2.? -4.121Z2j 61J1f Li2

-15 -1. 0-j. 15 . - 4,? ..6.2 -1 £A / ...

-/04.; -Aj



#r*YWRRThflP _rRE_ OfHE LT4(ZO WITH THE i AIRFOIL(i,) ~~MA Of/V/? TJI 4Tfda:[i of
RUN MOEL WATER RIRFOIL B1 A9TTACK of PRESSURE C/HRNf
Ns PEE DEPT/I iall SIN AIRFOIL -I- NT-

KNOT MTERS mm DE6REM S i - 6
IL.so 240. A0 3' 6J 1.4 --0.9 - 1.6 -

1L.,2. L. 21. soL 70 0 - .3 - 3.0

617 L.L.f is - 0-t 04. 0 .1

so . 33 .7 ,/. -3 -3.11- A

70 41- -2 -. 6 -As -t71 1 i.7,s o # A .2 *I,. /.#o + 0.-

7L A.. -,.6 AA . ,.s - 9.9-
74' 1 .47 /0- ±- 9 + 6.7 -0.6 -l .O -A,
L . ¢ k/# k - .A 6. Ao_ -J64 1.

77 .,I7 5.06 Oz #W vr ?gmoos "/,.7 /. -2.- A.
AA" 0 6 9.7 ,0 _- t -_.7 - -*.A

7- 4.#7 4.oo . A " # f -6.0 - O-A
- /A A$ -1.$ -Z.,



TABLE: 20

Of TE LiOW WITH TRIq /RPOIL RT rTH II6HIP6 6ECT/ON
-NILE Of
-TTICK of PRESSURE CH9NOE5 (mm OF HY9TFR) REFERENCE
/?lRFOIL PIEZOIETER N it CURVES

x6EE 4f S.. A. 9 L Az
6 .3 + 0# -0.9 -1 .6 A/6 10 2.6 0-7 FI6d8E4*

L. 0 -2.3 - 3.0 - 41 - # 0. 6 F0-1 Af"N46
- /. -0./ 0 0 - *-/- J-6 0 FI,6 #4,if
S8.o •/.7 1-15 - 3,1 - Ad- . - 8.50 65 34f.3 fe 4 6

__S_ -63-. . -6j17# /.4'-0. 4 0. 6 /5 t/Af 4 J,A 3.. -. 2 -. 6 Al AZ. 8. .5 .Is 4./+ J.-+ 9 FISVMC' ,Af

6 -7•., #A. A .0 A .0- _5-/.8 J.o- 2., Z. #,j6 ,!:,z7
./ J.2 -, -. 3- *.V ,.7 - .9 +.2o.-/.t SRI

-. 6 J.2 -2.- A -6.-0- .0- 2,.6 -. 0, .. 5 " A f7
/# 6. 7 1 - ,. -III5-s..f2-.1. - -OS.5 A jirlsu 44e

744~ -j 2.0 -4A7 A*4Z - S,4' -43.0f - 0.ZfZ 6 V.# 7 A 441RN*

.7 o~ As, - to - £ 1i zif - 491± .6 Z6&ffLAZ6
6__t4 13t.0 -i.05-.4- -32. op.* Z. 0161),

-. %4-- - - -A 5 -. IIK-1



Coramnts and Conclusions (Cont'd)

o obtain additional data for comparison purposes, although the HSW.
porsonnol attempted to show that the specifications had been met for
both depths of water.

With respect to the use of a lifting airfoil for supply a positive
pressure signal for "tricking" the Oyster mine, one or two conclusions
can be drawn imdiatoly from the data presented in this report. The
size of the airfoil used with the I~tzow model emphasizes the'necessity
of obtaining a design of ship hull which will not produce the large,
nogative pressurn field of the conventional hull. At the same time,
however, the data on chanies in draft of the modej show that a much
higher anolo of attack (limited by the stallin angle for the given
water depth and the additional power requirements) could have been used
before special ballasting of the model would have been necessary to
equalize the lift of the airfoil.

13. This can be seen directly from a -con.ideration of Beroullis
equations for the pressure changes along different streamlines
with equal initial velocities in a field of constant free stream
velocity.

Notes on Additional Proposals for Shi _Protection

Plans were being made at HSVi to test two, and possibly threes
additional methods for ship protection ag~ainst pressure actuated
mines at the time the tests described in the foregoing were completedb
However, the entire prograrj was still in the preliminary stages, and
no work beyond that a1ready described was actually accomplished.

The first scheme to be tested upon completion of the program re-
ported herein was based on the effect produced by appendages secured to
the sides of the ship. These were to be flat plate flaps hinged at the
midships section so that they would fold into or against the hull when
underway in cleared waters. Upon entering a suspected minefledl, the
ilaps were to be swung into the stream at right angles to the lo'Gitud-
inal centerline of the ship. The problems of power, strength and mech-
anism requirements were realizedg but it was proposed that these, as well
as the size and draft of the flaps, be determinod from the results of the
experiments*

-21-
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Notes on Addkitional Proposals for ahip Protection (Contld)

The second scheme to be proposed to the OEM as a possibility for
ship protection involved a redesign of the shipts hull. It was sug-
gested that a rectanruir or semi-cylindrical section be removed from
the midships section starting from the bottom of the hull with a tenta-
tive hoight of about 1/3 to 1/2 the draft and extending across the en-
tire beam of the ship. The HeVa personnel thought that that would have
the desired effect of producing a positive hump in the signature.

Another method vas under discussion as' to its adaptability for
testing on' model scale although no actual conclusions'were reached.
This method was suggested by a Dr. Dischncr of Berlin, an underwater

accoustics man, who proposed the use of ah oscillatinj flexible sphere,
two oi three meters in diameter, towed under or near the shipts hull.
This sphere was to be filled with water and pulsed with pumps at the
proper frequencies. Preliminary calcultations indicated that the pumps
would require only about 150 horsepower to sufficiently alter the
pressure field of -. vessel the size of the Lutzow.

Beyond these notes, no further thour;-ht was given to the problem
by HVA personnel.

PARlT III
Methods Proposed at FSS for Swecpin$_ Pressure - Actuated Mines

Since the FSS concentrated on the, eovelopment of a gage for measur-
'ing very small pressure changes under water and did not actually succeed

in carrying afty part of a program. to a system tic testing, stage, the
methods which were to bc tested for sweepin3 pressure minep will be re-
viewed only briefly. lthough this establishment was to originate and
propose methods, some of the schemes were suggested to FSS by other
sources, Where those sources are known, they are mentioned in the
pertinent sections*

-To initiate the program, preliminary tests were nade with a cas-
dade of hydrofoils in conjunction with the development of the micro- -
_r essure gage. The hydrofoils were used to produce a negative pres-
u re signal by testing them as depressors. The" ?SS had realized that

the signature of a single hydroeohil would not be of sufficient duration

/-22-
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Methods Proposed at FSS for See2 Pessure _ Atuatd M ins (Cont '1

to actuate the mine mechanism, As a result' a cascade of two staggeredfoils was first used to fUrnish a basis for further experimentation.
The tests made were few in number and were intended primarily for de-termining the performance of the sage rather than the hydrofoilsL4.
The use of hydrofoils for both sweeping and breaking up the ships
si;nature was cririnally suggested by Dr. A. Detz of Gfttingen.

The use of a towed barge for the production of a deep depressionwave at the stern was suggested for early testing. It was considered
that the negative pressure under the stern wave could be used forsweeping. However, the fact that the pressure field due to the dis-placement flow about such a barge would be of much more importance thanthe stem wave seemed to have been complotely overlooked by the FSS.

The production of a wave train by a stationary source was also in-cluded in the list of proposed methods. However, only one method for
producinU waves had been seriously considered by Dr. Von Steinen's
group. This was to use a barge, of required displacement in which alarge oscillatinrg mass was to be installedto produoo the requiredthanges in draft at' thd desired frequencies.. '.: :ieio ,

The method whereby overlapping fields from two ships abreastwould be used for sweeping a path between the ships mes also proposedfor test. This idea evidently came from full scale tests made by the
SVK on the practicability of using the athwartships portions of a
single shipts fit.1d which resembles "butterfly" wings.

A final method, proposed by Dr. Von 3teinen, was intended to com-bine in a single sweep the component devices by sweeping either pres-sure-accoustic or pressure-magnetic combinations. For the pressurelook, it was suggested to use a large ring with an airfoil cross-section
to produce the negative pressure chages around the circumference. Foraccoustic combinations, a propellor of proper noise-levels' wuld beinstalled in the center of the ring.. For magnetic combination, coilswould be wound about the circumferences. How the device would be towedor how to obtain the required negative pressure time-out periods. propernoise-levels or magnetic fields with a single coil were not included in
the proposal.
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FONFIDENTIAL

Methods Proposed at FSS for SweeingPressuro - Actuated Mines (dont'd

The method of "tricking" the mine with positive pressure signals
had not occurred to this group.

14. Oscillograph records of these'tests are in the possession of the
Admiralty Experimental Works, Haslar, U.K,

APPENDIX

The Inductance Type Micro-Pressure Gage at FSS

It is not definitely known where the micro-pressure gage being
developed at FSS ms originally designed. However, information avail-
able indicates that the gage was a joint design of th6 FSS and the firm
Hagenuk, Hansectische Apparatbau-Gesellschaft in Kiel. It appears that
Hagenuk designed and built the 'first unit in cooperation with FSS and
that, thereafter, FSS took over the work of development for use in
model tests. It was learned that a age designed on the principle of
capacitance changes was originally tried but was too unstable under
water and was abandoned in favor of the inductance type.

The micro-prcssure gage is shown on Figure 50, and the wiring dia-
grams for the componont parts are shown on Figure 51. The characteristics
of the circuit elements are listed in Tables 21, 22, and 2315, The
pressure gage is constructed with a corrugated diaphragm to which is
soldered a small arm suppbrting a soft iron disk suspended between
two coils. The coils are supplied with a frequency of 780 cycles per
second. The, deflection of the diaphragm due to a change in pressure
in the surrounding fluid causes an unbalance of the bridge circuit as
the iron disk is deflected near the coils, This unbalance is cali-
brated against known changes In pressures for use in experiments.

To calibrate the system, the gage is lowered to a predetermined
depth and the diaphragm brought to zero position by means of.air pres-
sure. The gage is suspended with the air pipe which is clanped to a
micrometer arrangemerI and changes in depth are effected with the microe-
meter screw, The changes in hydrostatic pressure due to the change in
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The Indu t cType Micro-PressureGa at FdS (C Iot'd2

depth of the gage provides a calibration of the type shown on Figure 52,
the only calibration curve available at the time this information was
obtained. The minimum measurable pressure change waa claimed to be imm
of water with a maxinmm measurable frequency of about 10 cycles per
second.

The system had not been perfected when work was stopped. Dif-
ficulties were encountered with the response and stability of the
instrument. It was thought that temperature changes, especially in
the air volume backing the diaphragm, were the chief source of insta-
bility.

15. To avoid confusion due to translation of the German terms for the
circuit elements, the tables have been made up from ori4nal listq.
The manufacturing firms, where known, have been listed to facili-
tate identification.

Prepared by:

P. Eisenberg
Ens., USNR
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TABLE 21

Resistances for Circuit Diagr mAs of Figure 51

S-bo1 : Nomenclature : Charactristics : Firm 2 Types

J v : Schichtwidorstand : 4 M-Ohm, 0.25W Hagenuck
V?2 do : 600 k-Ohm,O.. W : do
W3 do : 600 Ohm, 0,25W do
W t do : 2-M-Ohm, O5W : do 2

: Dopplschicht- 2 x 0 K-Ohf lin. : do
: drehwiderstand ' *

2W6 Schichtdrehwidorstand: 100 Ohm ln " do
17 Doppelschicht- 2 x-10 k-Ohm lin do

drahwiderstand
W8 Schichtdrehwiderstand: 500 k - Ohm lin : do
19 : Schichtwiderstand : 600 k Ohm- 0.25W : do 2

W10 do : 200 k Ohm, 0.25W : do
Wll. do : 60 k Ohm, 0,25 : do
V(12 do : 20 Ohm, 0.25W : do
W13 do : 6 k Ohm, 0.2517 : do
1'04 : do : 2 k Ohm; 0.2 : do
W15 do ; 600 Ohm, 0.25. : do L
W16 . do : 200 Ohm, 0.25 W do z
WI7 do i 60 Ohm, 0.25W :. do
W18 do 1 20 Ohm, O.2W 2 do
"19 2 do : 500 Ohm, 0.5W : do
W20 do : 100 k Ohm, 0.51 . do
W21 do. : 500 Ohm, 05W : do
%,22 do :00 k Ohm, 0.5W : do
W23 do 2 SkOhn, 21 : do
724 .2 do : 1 k Ohm, 1W 2 do 2
V25 : Drahtwidorstand m. : 16 k Ohm, 12W : do

: einstcllki Schelle I ' 2
W26 i Drahtwiderstand m. : 16 k Ohm, 12W do

; einstellk4Schelle : 2 2
W27 : Drahtwiderstand 30 Ohm, 4 I do
W28 do t 20 Ohm, 01 S do
W29 s do s 12.#5 Ohm,7 2 do
WO Schichtwidcrstand : 2 K Ohm, 05WI : do

-26-
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F TAMl 22

Coriclofsors for Circui~t Din~rzim of Fimure 51

Jymbol t Nomonc3.ture : Characteistics :Firm Types

03. Glim-er Kondon sato 3 i %lnt
02 lGlimnr Kondensator . 10 nF ±4l% do

C5 4oramik-Kondcnsator 10 */0

c6 SPier-Kondonsator 110 niF/250V
C7 :Elektrolyt-Kondensator :.10 ,uF/250V :Austrj&L tDitniar 8772
08 lEiektrolyt-Kondensator 1106 AF/30V : do :Ditmar 8735
C9 : do do -10 'uF/250V 3 do : do 8772F do do do 0100)F6 do 1 do 8705
011. 1 do do :5 pF/250V I do k do 87731
C12 do do 7 35 :F20 do 3 do 8771
C3 Glimer-Kondenjator :10 4iF*21% :Monote L.
C14 MEektrolt-Kondocnsintor. :106 )F/6V : Austria Ditraar 8705

C5 :Papier-Kondonsator : 100 nF/250V
S CI6 : Glimr-Konelensat-or :10 nF f.1% Monete

01 : Keraniik-Kondoniator *:400 pF/2%

C18 :Rohr-Kondensator :1 F :U0%, 256V
020 :Elktrolyt-Konlersatoi . :2 5 ,MF/350V tAustria :Ditniar 8783
021 s~po-Kondensaor :1. nF ±20%,o 500V
C22 tBechor-Kondensat.or / :8 AF 10%o 500V :Siemens : 65998
C23 tBechor-Kondensator :8' ~F :Io%., 500V ; do : 63998
C24+ Me1&Itrolyt-Kondonsator' :- 2 1 350 V :Austria :Ditmar 8785

-27-
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TABLE 2

Elonents For Circuit Diagram of Fipure 51

Symbol i Nomenclaturo t Characteristics ,Firm : Type

G : Messleichrichter : 1 m A :Siemens :G 1341/1
Ms : Drehpulstrommesser : 1 m A
Rd 1 : tahlrhre :EDD 11
R2 : do • :EF 12
R8 3 .1 do :EF 12
Ro4 : do 2 : :ES iU
S 1 : Stufenschaltor 2 : Ellinger:

: Geissler: 901/1i
S 2 : Drehschalter • do : 810
Sp 1 : Trmnsformator :H gonuk : ST 294
p2 : do * : do : ST 295

Sp 3.: Drossel 2 do : ST 308
Sp 4 : do * . do : ST 308
Sp 5 ; do : do : ST 325
Sp 6 : Messpule • do : 6T324
Sp 7 do : do : ST 324
Sp 8 • Transformator 2 do : ST 231
Sp 9 : do 2 2 do : S 230
Sp 10 : do 2 : do :ST 233
Spli : do 2 • do :ST 232
Sp 12 Drossel 2 2 do :ST 80

-28-
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